The prevalence of pneumothorax cases among Intensive Care Unit patients who require mechanical ventilation ranges from 4%-15%. A pneumothorax remains one of the most serious complications of positive pressure ventilation. It can be diagnosed in a critically ill patient through a physical examination or radiographic studies that include chest radiographs, ultrasonography, or computed tomography scanning. However, in a critically ill patient, the diagnosis of a pneumothorax is often complicated by other diseases and by difficulties in imaging sick and unconscious patients. Although electrocardiogram changes associated with a pneumothorax have been described for many years, there has been no report of such among patients who require mechanical ventilation. In this paper, we report 2 cases of a spontaneous pneumothorax with paroxysmal supraventricular tachycardia in patients who required invasive mechanical ventilation due to acute respiratory failure.
INTRODUCTION
A pneumothorax in a critically ill patient who requires mechanical ventilation remains a serious condition [1] [2] [3] . It should be considered a medical emergency requiring a high index of suspicion, prompt recognition, and intervention. Patients with a pneumothorax commonly complain of chest pain and dyspnea that mimic myocardial infarction (MI), or tachycardia and hypotension.
Before performing a chest X-ray, an electrocardiogram (ECG) reading is often ordered first for evaluation of patients with chest pain and dyspnea. Although ECG is not at all considered a primary test for a pneumothorax, it can be a useful tool for recognizing a pneumothorax when the diagnosis is uncertain from the patient's history and physical examination.
In this paper, we report on 2 cases of a spontaneous pneumothorax that was presented with paroxysmal supraventricular tachycardia (PSVT) by patients who required invasive mechanical ventilation due to acute respiratory failure.
CASES

CASE 1
A 74-year-old man who was 155 cm tall and weighed 42.5 kg was admitted to the authors' hospital due to pneumonia (Fig. 1) . He was intubated and assisted ventilation was administered in the Intensive Care Unit (ICU). The ventilator settings were as follows: pressure control mode rate, 16/min; FiO 2 , 0.35; positive end-expiratory pressure (PEEP), 0 cmH2O; and above PEEP, 16 cmH2O. His initial ECG was sinus rhythm with T wave inversion ( Fig. 2A) . Echocardiography showed Mild tricuspid regurgitation with normal pulmonary artery pressure. On day +20 after intubation, blood pressure (BP) suddenly dropped to 72/45 mmHg, with a heart rate (HR) of 170 beats/min. The laboratory findings were as follows: creatine kinase-MB (CK-MB), 8 .49 ng/mL; troponin-I, 1.291 ng/mL; and d-dimer, 2,852 ng/mL. A arterial blood gas analysis (ABGA) with mechanical ventilation showed a pH of 7.455; PaO2, 87.1 mmHg; PaCO2, 27.6 mmHg; and HCO3 -, 19.6 mEq/L, with 97.3% oxygen saturation. ECG was PSVT at 177 beats/min (Fig. 2B) . Auscultation of his lungs revealed diminished breath sounds in the left chest. The initial chest X-ray showed a left-sided pneumothorax (Fig. 3A) . A computed tomography (CT) scan of the chest was ordered to confirm the diagnosis of a pneumothorax. The CT showed no pulmonary embolism. The chest CT axial images confirmed a large left pneumothorax (Fig. 3B) . The patient underwent emergent chest tube placement. After chest tube placement, BP increased to 130/87 mmHg, with an HR of 83 beats/min. His repeat cardiac markers were CK-MB, 7.41 ng/mL and troponin-I, 1.399 ng/mL; and ABGAs showed a pH of 7.414; Pa O2, 88.5 mmHg; PaCO2, 33.6 mmHg; and HCO3, 21.7 mEq/L with 97.0% oxygen saturation. A repeat chest X-ray showed resolution of the left penumothorax (Fig. 3C) , and a repeat ECG demonstrated conversion of the PSVT to a normal sinus rhythm (Fig. 4) . A repeat echocardiography showed no interval change. The patient was free of complications throughout the rest of his hospitalization, and his chest tube was successfully removed after a few days.
CASE 2
A 53-year-old woman presented at our institution's emergency department due to sudden onset of dyspnea. Her medical history included a destroyed lung by tuberculous. She was admitted with pneumonia ( Fig. 5) , and intubated and assisted ventilation was administered in the ICU. The ventilator was set at the pressure support mode at a FiO2 of 0.55, a PEEP (Fig. 6B ). Adenosine (6 mg) was administrated and sinus rhythm was sucessfully converted. Chest X-ray showed a right-sided pneumothorax (Fig. 7A) . She underwent emergent chest tube placement were undergone and pneumothoracic was resolved (Fig. 7B) . After insertion of the chest tube, her BP increased to 90/56 mmHg, with an HR of 125 beats/min. Her repeat cardiac markers were CK-MB, 2.64 ng/mL and troponin-I, 0.017 ng/mL, and her ABGAs showed a pH of 7.403; PaO2, 83 mmHg; PaCO2, 52.8 mmHg; and HCO3, 33.2 mEq/L with 95.9% oxygen saturation. Her ECG showed conversion of her PSVT to the normal sinus rhythm (Fig. 8) . Echocardiography showed a normally shaped left ventricle.
DISCUSSION
A pneumothorax remains one of the most serious complications of positive pressure ventilation [1] . It may be difficult to diagnose when its location is atypical or when the patient has an underlying cardiopulmonary disease or an altered mental status [4] . ICU clinicians are often presented with additional challenges in diagnosing a pneumothorax in patients with acute respiratory distress syndrome (ARDS).
Cardiac rotation, right ventricular dilatation, cardiac displacement, accumulation of air between the heart and the chest wall, and the effect of the pleural pressure on the coronary circulation have been suggested as the causes of electrocardiographic abnormalities [5] [6] . Several electrocardiographic changes associated with a spontaneous or experimental pneumothorax have been described in literature [6] [7] [8] [9] . Walston et al. [10] , who studied 7 patients with a spontaneous left pneumothorax, described 4 relatively uniform ECG changes: a rightward shift in the mean frontal QRS axis, diminution of the precordial R-voltage, decreased QRS amplitude, and precordial T-wave inversion. Phasic electrocardiographic voltage alternations (electrical alternans) in patients with a left pneumothorax were described elsewhere [11, 12] . There are few reports of ST-segment elevations or ECG changes suggestive of acute MI [13, 14] , and these involved older patients with a tension pneumothorax and a previously known coronary heart disease. Only 1 case of ventricular tachycardia due to a pneumothorax has been reported [15] .
In this paper, we report on 2 cases of a spontaneous pneumothorax presenting with PSVT by patients who required invasive mechanical ventilation due to acute respiratory failure. The etiology of a pneumothorax presented with PSVT is not completely known, but it may develop secondary to pulmonary arterial hypertension (PAH) by hypoxia. Arrhythmias are an increasingly common problem in patients with PAH due to the increased right heart pressure, the increased tricuspid regurgitation and the modulation of autonomic activity [16] [17] [18] .
Although ECG is a readily available bedside test used to evaluate patients with chest pain, dyspnea, and hypotension before a chest X-ray, it is not considered the major test for the diagnosis of a pneumothorax. However, it can be a useful tool for recognizing a pneumothorax in the appropriate clinical setting where the initial diagnosis is not apparent from the medical history and the physical examination. It may be particularly useful for patients with ventilator support, as the pneumothorax could develop anterior to the lung and so may not be recognized on a supine chest X-ray. In patient-assisted ventilation with ARDS, careful attention to ECG changes may rapidly confirm a pneumothorax diagnosis.
